DNA helicases are essential to many cellular processes including recombination, replication and transcription, and some helicases function in multiple processes. The helicases encoded by the Xeroderma pigmentosum (XP) B and D genes function in both nucleotide excision repair and transcription initiation. Mutations that affect the repair function of these proteins result in XP while mutations affecting transcription result in neurological and developmental abnormalities, although the underlying molecular and cellular basis for these phenotypes is not well understood. To better understand the developmental roles of these genes, we have now identified and characterized the repB and repD genes from the cellular slime mold Dictyostelium discoideum. Both genes encode DNA helicases of the SF2 superfamily of helicases. The repD gene contains no introns and the repB gene contains only one intron, which makes their genomic structures dramatically different from the corresponding genes in mammals and fish. However the predicted Dictyostelium proteins share high homology with the human XPB and XPD proteins. The single copy of the repB and D genes map to chromosomes 3 and 1, respectively. The expression of repB and D (and the previously isolated repE) genes during multicellular development was examined, and it was determined that each rep gene has a unique pattern of expression, consistent with the idea that they have specific roles in development. The pattern and extent of expression of these genes was not affected by the growth history of the cells, implying that the expression of these genes is tightly regulated by the developmental program. The expression of the rep genes is a very early step in development and may well represent a key event in the initiation of development in this organism.
INTRODUCTION
Nucleotide Excision Repair (NER) is an important cellular defence mechanism, which protects the integrity of the genome by removing DNA damage caused by UV light or chemical agents. NER is a multistep pathway, and defects in the individual components of this pathway result in impaired DNA repair and increased sensitivity to UV (1) . In humans, defects in NER result in a disease called Xeroderma pigmentosum (XP). XP is an autosomal recessive inherited disorder that is characterized by increased UV sensitivity in exposed areas of the skin and the eyes, as well as an increased incidence of skin cancer. In many cases, XP patients also exhibit an array of neurological and developmental abnormalities (2, 3) . Cell fusion experiments have identified eight complementation groups (XP-A-G and a variant group XP-V). Most of these complementation groups have been correlated with specific loci in the NER pathway, and the corresponding genes for most of these groups have been cloned. In general, these genes exhibit a very high degree of conservation across species, although interspecies complementation is limited, implying that the specific protein-protein interactions necessary for NER are unique to each organism (1) .
NER preferentially occurs on the template strand of actively transcribed genes (4, 5) . This mechanistic relation between transcription and repair is a result of the fact that the transcription initiation complex holo-TFIIH and the repair complex (repairosome) share a common six polypeptide core, the TFIIH-core (6) (7) (8) (9) . The current notion is that when transcription is stalled at a site of damage, coupling factors with high affinity for the stalled elongation complex recruit the repair complex. When the repair is accomplished, the TFIIH-core then becomes part of the initiation complex to restart transcription (10) .
The coupling between transcription and repair begins to explain the curiously wide pleiotropy observed in many XP patients. Patients of the XP-B, D and G groups often exhibit additional symptoms correlated with another human disorder, Cockayne's syndrome (CS). Additionally, some patients of the XP-D (and occasionally XP-B) groups exhibit symptoms of a third human disorder Trichothiodystropy (TTD), or symptoms of both TTD and CS. CS and TTD are both recessive, autosomally inherited disorders, characterized by increased photosensitivity without a significant increase in cancer incidents. Additionally, these patients suffer from mental retardation, and from dwarfism, which is the result of an early arrest in growth and development, although growth hormone is unaffected. TTD patients also * To whom correspondence should be addressed. Tel: +1 573 882 6670; Fax: +1 573 882 0123; Email: salex@biosci.mbp.missouri.edu exhibit brittle and sulfur deficient hair, ichthyosis, bone defects, decreased fertility and immunodeficiency (3) .
Some of the combined phenotypes of XP/CS, XP/TTD or XP/CS/TTD have been correlated with defects in the XPB and XPD proteins (11) . XPB and XPD are the homologs of the yeast RAD25/SSL2 (12, 13) and RAD3 (14) genes, respectively. Both genes encode DNA helicases of the SF2 superfamily. The XPB protein functions in the 3′→5′ direction and the XPD functions 5′→3′. Both these polypeptides are part of the common TFIIH core and both have been shown to participate in both RNA polymerase II mediated transcription and NER (6, 9, 15, 16) . Mutations in XPB and XPD can result in diverse clinical phenotypes of either XP alone, or combined XP/CS or XP/TTD, depending on what functional domain of the polypeptide is altered (17) (18) (19) . It is possible that changes in these transcription related genes, in turn, lead to alteration of the rate and/or extent of expression of a particular subset of downstream genes that are critical for specific stages in development. Thus, it is necessary to study the developmental patterns of expression of these genes, and the genes with which they interact, in order to understand their role in the development of a multicellular organism.
The cellular slime mold Dictyostelium discoideum offers an amenable system for studying these problems. The single-celled haploid amoebae feed on bacteria or axenic medium. Following exhaustion or removal of the food source, synchronous development begins. The amoebae aggregate via chemotaxis to cAMP and form cohesive multicellular assemblies which then undergo a complex program of gene expression, resulting in spatially localized spores resting on top of a cellular stalk (20) . Although relatively simple, with only two cell types, this organism exhibits many of the aspects of development seen in more complex organisms, thus allowing the study of NER related genes with respect to the overall program of morphogenesis.
In previous work we have identified the repE gene, the Dictyostelium homolog of the human UV-DDB/XPE gene and showed that it exhibits an increased level of expression during early development (21) . In this paper, we report the identification, isolation and characterization of the repB and repD genes, the Dictyostelium homologs of the yeast/human RAD25/XPB and RAD3/XPD genes, respectively. These genes are the first reported helicases in this organism and we demonstrate that each of these genes has a pattern of expression during development which is unique and different from that of repE. This work on the rep genes strongly supports roles for these genes in development.
MATERIALS AND METHODS

DNA manipulation
All DNA manipulations were performed according to standard protocols (22) . DNA sequencing was performed using the Sequenase kit (United States Biochemicals). The final sequence for both genes was determined from both strands. The presence of introns was verified by sequencing cDNA obtained by reverse transcription PCR [RT-PCR; (23) ]. Sequence homologies were determined using the MegAlign program of DNASTAR. The chromosomal locations of the genes within the Dictyostelium genome was determined by hybridization to the Dictyostelium YAC library (24) by William Loomis, University of CaliforniaSan Diego.
Probe preparation
Probes were prepared by PCR, using the heterologous RAD genes or the homologous Dictyostelium genes as templates. The yeast probes were a gift from L. and S. Prakash, University of Texas Medical Branch-Galveston. In order to obtain probes of the purity required for efficient heterologous cloning, the yeast genes were excised from the plasmids and purified on gels before they were used as templates for PCR. PCR products were purified on agarose gels (25) before labeling by random priming, using [α-32 P]ATP (New England Nuclear).
Southern analysis
Ten to 15 µg of genomic DNA, purified from isolated nuclei, were digested with the restriction enzymes indicated in Figures 1 and  2 , separated on 0.8% agarose gels in TEA (100 mM Tris, 12.5 mM NaOAc, 1 mM EDTA pH 8.0) and blotted overnight by dry blotting (26) onto nylon membranes (Micron Separations, Inc.). All hybridizations were performed at 42_C. Stringent hybridizations were performed overnight in 50% formamide, and washed twice at room temperature with 2× SSC/0.1% SDS (5 and 15 min), once in 0.5× SSC/0.1% SDS and once with 0.1× SSC/0.1% SDS for 30 min at 55_C. Non-stringent hybridizations were performed at an empirically determined concentration of formamide, ranging from 10 to 40%, and washed as above.
Cloning of genomic DNA fragments
Three hundred µg of genomic DNA was digested overnight with 100 U of the restriction enzymes necessary to produce appropriate size fragments. Digested samples were loaded on top of a 10-40% sucrose gradient in 1 M NaCl, 20 mM Tris, pH 8.0, 5 mM EDTA, and were centrifuged for 22 h at 105 000 g in a Beckman SW41 Ti rotor. Fractions of 0.5 ml were removed from the top of the gradient with a pipetman and the samples were ethanol precipitated and resuspended in 100 µl of H 2 O. The fractions were analyzed for size distribution on 0.7% agarose gels, and the fractions containing the desired fragments were identified by hybridization. This size fractionation decreases the complexity of the resulting library by at least 10-fold. To generate mini-libraries, 5-10 µl samples were ligated overnight at 4_C to plasmid vectors, which had been cut with the appropriate enzymes and dephosphorylated with calf intestinal phosphatase. Ligation mixtures were phenol extracted, ethanol precipitated, resuspended in 5-10 µl H 2 O and electroporated into DH5α cells. The entire transformation volume (2 ml) was spread on 4-8 20 cm 2 LB/amp plates (10 g Bacto tryptone, 5 g yeast extract, 5 g NaCl, pH 7.4 per liter containing 100 µg/ml ampicillin) and incubated at 37_C until pinpoint size colonies appeared. Colonies were lifted onto nitrocellulose and screened by hybridization. Positive clones were rescreened once and sequenced (25) .
Strains and conditions for growth and development
Axenically growing cells. Dictyostelium strain AX4 cells were grown axenically in liquid HL5 (7 g yeast extract, 14 g proteose peptone, 0.48 g KH 2 PO 4 , 0.5 g Na 2 HPO 4 per liter , pH 6.5) medium to a density of 2.6 × 10 6 cells/ml (mid-log phase), harvested and washed twice in LPS (40 mM Na/K-PO 4 pH 6.4, 20 mM KCl, 2.5 mM MgCl 2 .6H 2 O, 0.5 mg/ml streptomycin sulfate). For development, 7.5 × 10 7 washed cells were placed on LPS soaked 42 mm black filter paper discs in 60 mm Petri dishes (27) . Bacterially grown cells. Dictyostelium strain AX4 cells were grown on SM (1.9 g KH 2 PO 4 , 1.01 g K 2 HPO 4 , 1 g MgSO 4 .7H 2 O, 10 g dextrose, 10 g Bacto peptone, 1 g yeast extract, 15 g agar per liter, pH 6.5) agar plates in association with Klebsiella aerogenes. Cells were harvested in log phase (∼2 × 10 8 amoebae/plate) just prior to clearing of the plates, washed by differential centrifugation twice in cold H 2 O and once in LPS to remove remaining bacteria. 1 × 10 8 cells were placed on filters for development as above.
Cells from both conditions of growth were allowed to develop on the filter discs at 22_C for 25-28 h. Cells were harvested from filters at hourly intervals throughout development by vortexing the filter in buffer, washing the cells in H 2 O and freezing the cell pellets at -80_C. Development was synchronous for cells from both conditions of growth. The morphology of the developing aggregates at each developmental time point is illustrated in Figure 6 .
RNA preparations and Northern hybridization
Total RNA samples were prepared from the frozen samples using the TRI reagent (Molecular Research Center, Cincinnati, Ohio) following the manufacturer's instructions. For Northern analysis, samples of 10 µg of total RNA were run on 1.0% agarose, 7.5% formaldehyde gels for 5 h at 55 mV and stained with acridine orange to detect RNA size markers (Gibco-BRL). The gels were then blotted overnight by capillary action onto nitrocellulose filters. The remaining blotting and hybridization procedures were the same as described for the Southern analyses. All Northern analyses were performed at high stringency in 50% formamide. The blots were exposed to a PhosphorImager for 21 h for quantitation, and then analyzed by autoradiography.
RESULTS
Identification of the Dictyostelium homologs of the yeast RAD3 and RAD25 genes
The Dictyostelium repB and repD genes were identified by hybridization with the yeast RAD25 and RAD3 genes, respectively. The yeast probes were first used to establish the optimal low stringency conditions for heterologous hybridization by hybridizing each probe to EcoRI digested Dictyostelium genomic DNA in a series of formamide concentrations ranging from 10-40% at 42_C. It was established that 20 and 15% formamide were the optimal conditions for the RAD25 and RAD3 probes, respectively (data not shown). These yeast probes were then used to construct a detailed restriction map of the region surrounding the genes for repB, (Fig. 1A and C) and repD ( Fig. 2A and C) , and fragments of convenient size were identified for cloning. Appropriately digested genomic DNA was size fractionated on sucrose gradients, and the fractions containing the correct size fragment were used to generate mini-libraries. repB was cloned as a 2.9 kb BamHI-EcoRI fragment, and repD was cloned as a 2.3 kb BclI fragment ( Figs 1A and 2A) . In both cases we were able to obtain partial clones of the repB and repD genes (denoted as pSKSL4 and pSKSL8 in Figs 1C and 2C) . [A 3.5 kb BclI fragment (see Fig.  2A ) which was thought to contain the 5′ end of the repD gene was cloned as well. However, the sequence of this clone showed no homology to RAD3 or XPD. We do not know why we observed a strong signal with this fragment in our initial low-stringency hybridization.] These partial genomic Dictyostelium clones were then used as homologous probes to identify overlapping fragments containing the remainder of the genes by high-stringency hybridization ( Figs 1B and 2B) . A 3.7 kb BglII-ClaI fragment for repB (pSKSL5) and a 4.3 kb ClaI-PstI fragment for repD (pSKSL11) were cloned from sucrose gradient fractionated DNA as above. This procedure is rapid and straightforward due to the fact that Dictyostelium genes contain only a few small introns, and that the genes are separated by relatively short stretches of intergenic sequence.
Analysis of the repB and repD genes
repB. We have cloned and sequenced 3093 bp surrounding the repB gene. The genomic clone is 2578 bp long, and contains one 175 bp intron at position 125-299, as was determined by comparing the genomic sequence to the cDNA sequence obtained by RT-PCR. repB was mapped to chromosome 3 of the Dictyostelium genome, consistent with our evidence that it is a single copy gene (Fig. 1) . We have also sequenced 289 bp of the 5′ and 226 bp of the 3′ untranslated regions. There are a few putative TATA sequences at the 5′ untranslated region, as well as multiple AAUAAA polyadenylation sites on the 3′ end. The exact sites used for transcription initiation and polyadenylation were not determined. The neighboring genes on both sides of repB exhibit some homology to the ribosomal proteins, L9 on the 5′ end and L23 on the 3′ end. The two exons encode a putative 90 kDa polypeptide which shares homology with the human XPB (54%), the Saccharomyces cerevisiae Rad25 (53%), the Drosophila Haywire (51%) and the arabidopsis XPBara (60%) proteins (Fig. 3) .
repD. We have sequenced 2762 bp surrounding the repD region. The gene contains no introns. The gene has been mapped to chromosome 1 of Dictyostelium. In addition, we have sequenced 362 bp of the 5′ and 69 bp of the 3′ non-coding region. Again, the exact positions of the TATA box or the polyadenylation signal have not been determined. The 2331 bp open reading frame encodes a 88 kDa predicted polypeptide. The putative repD protein shares homology with the human XPD (54%), the S.cerevisiae Rad3 (50%), the S.pombe rhp3 (50%), the Chinese hamster Excision Repair Cross Complementing 2 (ERCC2) (53%) and the fish X.maculatus XPD (52%) proteins (Fig. 4) .
Both the predicted repB and D proteins contain all seven conserved helicase domains. There is very high homology between the repB and D proteins and their yeast and mammalian counterparts within all of these domains (seen underlined in Figs  3 and 4, and detailed in Fig. 5) , and most notably in regions I and II, which are the A and B motifs of the Walker 'type-A' consensus sequences (28, 29) . The NTP (nucleotide triphosphate) binding site in region I contains GAGKS/T in all four XPB related proteins, and GTGKT in all XPD related proteins. The Mg ++ binding site in region II contains DEVH in all XPB related proteins and DEAH in all XPD related proteins. These results indicate that both proteins are members of the subgroup of the DExH containing proteins in the SF2 superfamily of helicases. In addition, the repB protein exhibits high sequence conservation in other identified domains of the XPB/RAD25 proteins, namely, a putative nuclear localization site on the N-terminus of the protein, a DNA binding domain and three acidic domains (shown in Fig. 5 ).
repB and repD are differentially expressed during multicellular development
Little is known about the regulation or pattern of expression of NER genes during the development of multicellular organisms. The cloning of the repB and D genes (along with the previous identification of the repE gene) allowed us to determine by Northern analysis how these genes are expressed during the developmental program of Dictyostelium.
Synchronously developing samples were collected at hourly intervals throughout the entire course of morphogenesis. We examined cells grown on agar plates with bacteria as a food source, as well as cells grown axenically in liquid HL5 medium, because it is well documented that the growth history of cells has a dramatic effect on the pattern of expression of some genes during development (30, 31) . Total RNA was isolated from each developmental time point and identical amounts of RNA from each time point were applied to all lanes. Figure 6 shows the patterns of developmental expression of the repB, D and E genes from both experiments. The discoidin I gene was examined as a control because it is known that the pattern of expression of this gene is influenced by the growth conditions prior to development, as confirmed in Figure 6, panel 4 (32-35) . The Northern analyses of the repB, D and E genes showed that each gene has a unique pattern of expression during development. repB is constitutively expressed, while repD and E accumulate after the removal of the food source and the onset of development. repD mRNA expression peaks at 3-4 h of development and decreases to a low baseline level by 7 h. In contrast, repE accumulates at 1-2 h, slightly before repD, and decreases more rapidly to the basal level.
The data indicate that the rep genes are all expressed at a substantially lower level than the discoidin gene. The discoidin protein constitutes ∼2% of the total cellular protein by 8 h of development. The autoradiogram shown in Figure 6 , panel 4 represents a 2 h exposure in contrast to panels 1-3, which were exposed for 11, 14 and 18 days, respectively. Even considering differences in probe specific radioactivity, the results suggest that these genes are expressed at very low levels.
DISCUSSION
We have identified and characterized the repB and D genes in Dictyostelium with the aim of examining the role of these genes in the development of this organism. Each gene is present as a single copy in the Dictyostelium genome. The repB gene contains one 175 bp intron, and the repD gene contains no introns. This is quite different from related genes in higher eukaryotes. The human XPB gene spans 35-40 kb, and is composed of at least 14 exons, while the human, fish and Chinese hamster XPD genes are composed of 23 exons over 15 kb of genomic sequence (3).
Despite these major differences in genomic structure, the predicted repB and D polypeptides are highly homologous to their yeast and human counterparts. Each shares the seven signature domains of DExH-containing members of the SF2 superfamily of helicases. It has been shown that when proteins containing these helicase motifs were tested for biological activity, they all exhibited helicase activity (28) . In addition, the repB protein shares other conserved motifs with other XPB homologs, including a putative nuclear localization signal at the N-terminus of the protein, a DNA binding domain and three acidic domains which are located at the same positions in the protein. repD, like its mammalian homologs, does not contain the acidic domain that exists on the C-terminus of the yeast genes. However, deletion experiments of the acidic domain in the yeast Rad3 protein have shown that it is non-essential for its function (36) .
Helicases are NTP-dependent enzymes which unwind doublestranded DNA to allow many diverse cellular processes including DNA replication, repair and recombination (28) . The different template structures for each of these biochemical processes account for the large number (as many as 20) of different helicases in cells. Because of their pivotal role in these processes, defects in helicases often manifest themselves in severe disease phenotypes (37, 38) . The growing list of helicase related human disorders includes the genome instability and increased somatic recombination associated with Bloom's syndrome (39), the premature aging associated with Werner's syndrome (40) , the autoimmunity associated with Ku protein (41, 42) as well as the photosensitivity and developmental abnormalities associated with XP, CS and TTD (38) . Interestingly, examination of the yeast Sgs1 protein, which is homologous to the Werner's and Bloom's syndrome proteins, has shown that the helicase activity is not required for complementation of yeast sgs1 mutations. Analysis of Werner's mutations is consistent with this finding, in that the mutations are not in the helicase domain. This suggests that these genes have at least two functional domains, and that the helicase activity is not responsible for the disease phenotypes (43) .
XP-B and XP-D have been correlated with defects in the two helicases encoded by the human XPB and XPD genes. Both of these proteins are parts of a core subunit that is essential for NER and for transcription. It has also been shown that mutations that affect the transcription function of these helicases give rise to an interesting class of disorders termed CS and TTD. Individuals with CS and TTD exhibit a variety of developmental and . Schematic presentation of the functional domains of the repB and repD proteins. The diagrams depict the distribution of conserved domains in the repB and repD proteins. Both proteins exhibit the seven signature sequences of helicases of the SF2 superfamily, denoted as I-VI. In addition, the repB protein exhibits the proposed nuclear localization sequence on the N-terminus, as well as three acidic domains along the protein (1, 3 and 4) and a proposed DNA binding domain (2) . The numbers correspond to the amino acid position of these predicted proteins.
neurological problems, but the underlying molecular and cellular causes for these phenotypes remain unknown.
We used the cloned repB, D and E genes to determine their patterns of expression during Dictyostelium multicellular development. We have shown that all three genes are expressed at a low level just prior to the onset of development, and that they each have unique patterns of mRNA accumulation and disappearance during development. repB is constitutively expressed at the low level throughout development. The level of repD mRNA rises at the onset of development, remains elevated during the chemotactic and aggregation phase of development, when the multicellular assemblies are formed, and then returns to a low baseline level for the remainder of development. The repE mRNA also accumulates during early development but the pattern is different than that of repD. The level of repE mRNA peaks at a very early stage of development, and declines earlier and more abruptly than that of repD. We had previously mapped the developmental expression of repE using a RT-PCR based procedure, and concluded that its level remained elevated throughout the remainder of development after its initial increase (21) . We attribute this discrepancy to the difficulty in quantifying the latter procedure.
The Northern analyses of the rep genes demonstate the steady state level of mRNA at each developmental time point. Previous studies on Dictyostelium gene expression suggest that these patterns are the result of changes in the rate of transcription of the genes. Interestingly, the expression of these genes was not influenced by the different conditions of cell growth prior to initiating development, as has been seen for some genes expressed in early development, including the discoidin I gene used as an internal control in this study (30, 31, (44) (45) (46) . The absence of such an effect suggests that the rep genes are tightly regulated by the developmental program.
Early development in Dictyostelium is characterized by a dramatic shift in cellular physiology and genetic regulation. When the food source is exhausted or removed, cell division stops and the cells enter a complex developmental program during which new signal transduction, motility and cell-adhesion mechanisms are elaborated, resulting in the aggregation of the cells into cohesive multicellular assemblies of ∼10 5 cells. Biochemical and genetic analyses have shown that transcription of dozens of development specific genes is required for this process and some of the signaling pathways are now understood in detail (47) . However, it is still unclear what the earliest steps are that trigger this developmental cascade. The increase in transcription of both the repD and E genes is quite early in development, and it will be of interest to see how they interact with the signaling pathways that have been demonstrated to be acting at this time. For example, ras genes are expressed in early Dictyostelium development (48) and ras mediated signaling is involved in the induction of the transcriptional response to UV damage in yeast and mammals (49) .
Few other studies have examined the developmental aspect of DNA repair related genes. A number of repair deficient mutants have been generated in Dictyostelium. One of these, radC, is specific for the repair of UV-damaged DNA, while other mutants are defective in repairing chemically induced DNA damage as well (50, 51) . Further examination of radC mutant cells revealed that the radC gene is associated with a transcriptionally independent form of repair (52) which removes 6-4 photoproducts more effectively that cyclobutane dimers (53) . Both observations support the idea that at least two distinct pathways of UV damage operate in Dictyostelium and may explain its uncommon resistance to UV irradiation. The corresponding Figure 6 . Northern analysis of NER related genes during development. Axenically (a) or bacterially (b) grown cells were allowed to develop synchronously on filters. Samples were harvested hourly during development as described in Materials and Methods, and total RNA samples were prepared from each time point. Total RNA (10 µg) from each time point was analyzed for the level of expression of NER related genes, using gene specific probes. Equal loading between time points was confirmed by examining the intensity of the rRNA bands. Panel 1, repB; panel 2, repD; panel 3, repE; and panel 4, Discoidin I. The sizes of the mRNAs are 3.2, 2.6, 3.8 and 1 kb, respectively. The left section depicts autoradiographs (exposures of 11 days, 14 days, 18 days and 2 h for repB, D, E and Discoidin I, respectively). The right section depicts graphic quantitation obtained using a PhosphorImager. Each point on the graph represents the exposure for the specific time point as percent of the total exposure for all time points.
genes for the rad loci and their patterns of developmental regulation have not been established.
The repB protein is homologous to the Drosophila Haywire protein. Haywire mutants have neurological defects that are reminiscent of those seen in humans with XP-B (54) . Two different studies have reported temporal patterns of Haywire gene expression during Drosophila development, and showed a slight increase in expression from embryo, through larva to adult (54, 55) . No information is available from any system regarding tissue or cellular localization of the protein. The developmental expression of XPD has never been studied. Two other repair related genes, XPA and ERCC1, have been studied by disrupting the corresponding genes in mice. Patients of the XP-A group exhibit severe neurological and developmental abnormalities (2, 3) . In both studies which describe gene disruption in mice, the XPA -/ -mice that came to term showed increased UV sensitivity and a high rate of chemically induced skin cancer (56, 57) . However, the XPA -/ -mice appeared neurologically normal. It is interesting to note that in one of the studies (57), less than half the predicted number of XPA -/ -mice survived the prenatal stage.
Other embryos, isolated at different embryonic stages exhibited severe developmental abnormalities, including growth retardation, decreased liver size and impaired hematopoiesis. In the case of the ERCC1 disruption, mice were runted at birth, and died before weaning (58) . The observation of specific developmental patterns of expression for some of the repair genes in Dictyostelium opens the way for a more detailed study of the role of these genes in development.
